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Abstract 
The present study aims at the applicability and examining the reliability of the impact-echo 
method on thickness measurements with reference to the geometry of the specimen and 
sampling data measurements. The accuracy of impact-echo thickness measurement derives 
from measuring not one but multiple wave reflections, and from the possibility of repeatable 
and reproducible waveforms. Studies have been carried out using a modified ‘DOCtor’ 
impact-echo system in manual scanning mode. The slab specimens are designed and 
constructed at Structural Engineering Research Centre (SERC), exclusively for the data 
generation and validation of different NDT techniques. An average of two impacts has been 
taken at each point along the line. Lines are scanned by selective sampling. For some selective 
lines, scanning has been done by selective as well as random sampling. Time domain 
waveforms have been recorded and the resulting frequency spectra have been used to analyse 
the data. It is observed that the impact-echo gives reliable results on thickness measurement. 
However, the reliability of thickness measurement is questionable when the scanning points 
are close to the boundaries of the slab / member. In the limited study, it is observed that the 
frequency spectra results of the line scan are different for selective and random sampling. It is 
further observed that the sampling is to be done carefully and only reproducible signals may 
be recorded.  
 
Résumé 
La présente étude a pour but l'applicabilité et l’examen de la fiabilité de la méthode   par 
impact-écho sur les mesures d'épaisseur, en référence à la géométrie du spécimen et aux 
mesures de données d'échantillonnage. L'exactitude de la mesure d'épaisseur par impact-écho 
provient du fait de mesurer non pas une mais de multiples réflexions d'ondes, et de la 
possibilité d'avoir des formes d'ondes répétitives et reproductibles. Des études ont été menées 
utilisant le système d'impact-écho 'DOCtor' modifié dans un mode de balayage manuel. Des 
blocs ont été conçus et construits au Centre de Recherche de Construction Civile (CRCC), 
exclusivement pour la génération et la validation de différentes techniques d'essais non 
destructifs. En moyenne, deux impacts ont été réalisés en chaque point le long d’une ligne. 
Les lignes sont balayées par échantillonnage sélectif. Pour certaines lignes sélectives, le 
balayage a été effectué à la fois par un échantillonnage sélectif et par un échantillonnage 
aléatoire. Les formes d'ondes dans le domaine temporel ont été enregistrées et les spectres de 
fréquence en résultant ont été utilisés pour l'analyse des données. On observe que l'impact-
écho donne des résultats fiables pour la mesure d'épaisseur. Cependant, la fiabilité de la 
mesure d'épaisseur est discutable lorsque les points de balayage sont proches des bords de la 
structure. Dans l'étude limitée, on observe que les fréquences des spectres, résultats du 
balayage par lignes, sont différentes suivant l'échantillonnage, sélectif ou aléatoire. On 
observe aussi que l'échantillonnage doit être fait avec attention et que seuls des signaux 
reproductibles doivent être enregistrés.   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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Keywords   
Scanning, sampling, waveform, frequency spectra 
1 Introduction 
The Impact-Echo (IE) method is introduced by Sansalone and Carino [1-2] and is used to 
detect thickness, voids, honeycombing etc. of concrete and masonry structures. The strength 
of the method is its ability to measure the thickness of concrete parts with good accuracy with 
one side accessibility such as foundation slabs, tunnel lining etc. Use of long wavelength low-
frequency stress waves of impact-echo distinguishes with other traditional ultrasonic methods 
[3-4]. In impact-echo testing, low frequency stress waves from about 1 to 30 kHz are 
introduced by a short duration of impact by tapping a hammer or small steel sphere against a 
concrete or masonry surface. The waves propagate into the structure and are reflected by 
flaws and external surfaces. Surface displacements, at the impact surface caused by the arrival 
of reflected waves due to the generation of a standing wave are recorded by a transducer, 
located adjacent to the impact position, producing an analogue voltage signal proportional to 
displacement. The resulting voltage-time signal, called a waveform, is digitised and 
transferred to the computer, where it is transformed mathematically into a spectrum of 
amplitude vs frequency. Both the waveform and spectrum will be plotted on the computer 
screen. The dominant frequencies that appear as peaks in the spectrum are associated with 
multiple reflections of stress waves within the structure, and they provide information about 
the thickness of the structure, its integrity, and the location of flaws [5-7].  
Experimental studies have been carried out on laboratory and NDT test specimens using a 
modified impact-echo system in manual scanning mode. The NDT test specimen is designed 
and constructed at Structural Engineering Research Centre (SERC), exclusively for the data 
generation and validation of different NDT techniques. The specimens have been marked with 
a grid to ensure repeatability of measurement positions. At each point along the grid line, two 
impacts have been taken and their average is used for the analysis of the data. Lines are 
scanned by selective sampling. For some selected lines, scanning has been done by selective 
as well as random sampling. In random sampling, signals after impact are accepted. In 
selective sampling signals are evaluated by the operator, compared to previous signals at the 
same position and only accepted if found reproducible. All other data is rejected. Data 
generated on laboratory specimen is analysed for reliable thickness measurement and the data 
generated on NDT test specimen is analysed for voids / flaw detection and also for the 
reliability of sampling.  
 
2 Thickness  measurements 
To study the reliability of the impact-echo technique on the thickness measurement, scanning 
has been done on a slab of laboratory specimen of size 1500 mm x1500 mm x150 mm size. 
The slab contains steel reinforcement and normal grade concrete. A thermocole piece was 
also embedded in the slab to simulate a void. A grid marking of 60 mm x 60 mm is used for 
scanning. Generally, for a concrete of good quality, the wave velocity can be taken as 4000 
m/s. Hence, a wave speed of 4000 m/s is assumed during the impact scanning. Impact test 
data has been collected systematically and an average of two impacts have taken at each point 
along the line.    NDTCE’09, Non-Destructive Testing in Civil Engineering   
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 Figure 1. Laboratory slab, average waveform       Figure 2. GPR 3-D scan showing Void 
          and frequency spectra 
 
 Time domain waveforms have been recorded and the resulting frequency spectra are used to 
analyse the data. Figure 1 shows the typical time domain waveform and frequency spectra of 
the laboratory slab. The frequency corresponding to the maximum peak is 13.2kHz. If the 
transducer is kept close to the impact point, the frequency, ‘f’ of the wave (P wave) is given 
by Cp/2T; where Cp is wave speed and ‘T’ is the depth of reflecting surface. Using this 
relationship, the average thickness of the slab is found to be 151mm, which is almost equal to 
the actual thickness of the slab. C-scan images of laboratory slab at different depths are 
presented in Figure 3 (a and b). It can be observed that the embedded thermocole can be seen 
in the C-scan image of Fig. 3 which was also verified by conducting Radar (GPR) test 
creating a 3-D scan image shown in Figure 2. During the impact data analysis, it is observed 
that there is an apparent increase in thickness at the edges that may be due to the sidewall 
reflections affecting the received signal. From this observation, it can be said that for a 
reliable estimation of thickness, scanning points selected should be away from the boundaries 
at least equal to the thickness of the member. Researchers like Schubert et al. [2-3] reported 
that steel reinforcement affect the results only marginally and geometrical effects must be 
taken into account if the measurements are performed at specimens with lateral boundaries 
lying in the vicinity of the measuring point. Further studies needed to study the influence of 
boundaries on the thickness measurements. In general, it is to be noted that single point 
measurements are not reliable and are sensitive compared to scanning measurements. 
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Figure 3. Laboratory slab, C-Scans at different depths  
 
3  Selective and random sampling 
An attempt has been made on the reliability of the IE with reference to sampling of data 
collection. On some selected locations of bottom slab of NDT test specimen, impact data was 
collected by selective as well as random sampling. The measurement area was 2m X 2m with 
a grid spacing of 50mm for each line with different thicknesses (200mm and 300mm). The   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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test specimen is designed and constructed exclusively for the data generation and validation of 
different NDT techniques. Figure 4 (a) shows the NDT test specimen and 4 (b) shows the grid 
lines selected for sampling of data collection. In random sampling, signals after impact are 
accepted and in selective sampling signals that are reproducible only are accepted, all others 
are rejected. Time domain waveforms have been recorded and the resulting frequency spectra 
have been used to analyse the data. Figure 5 (a and b), Figure 6 (a and b) show the frequency 
spectra for the selective and random sampling in N-S direction respectively for lines 5 and 20. 
Figure 5 (a) and 6 (a) show comparable results, whereas figures 5 (b) and 6 (b) show that the 
main peaks in the spectra of random sampling are actually artifacts overlapping the signal 
from the right depth. Similar observations were made for measurements in the E -W 
directions of lines . 
                                                                                                                                                  
 
  
 
 
 
 
 
 
 
 
 
 
 
     Figure 4(a). NDT Test Specimen                    4(b). Grid and selective lines for testing 
 
The reason for this may be due to the way the impact waves are generated and surface 
condition of the specimen. It is impossible to hit the next impact exactly at the same spot. 
Also, manual positioning of sensor may influence the signal. Hence, to avoid errors and have 
better control over measurements, selective sampling is recommended. Figure 7 (a and b) and 
Figure 8 (a and b) show the B-scan images of lines 5 and 20 (N-S direction) for both selective 
and random sampling respectively. Figures 9 (a and b) and 10 (a and b) show the B-scan 
images for lines 5 and 20 (E-W direction). In both the cases, it has been observed that there is 
not much variation in frequency estimation but there is some noise in the random sampling 
images. It can also be observed that at the thickness step change, no clear signal is detected. 
The signal is detected some distance away from the step, this may be due to scattering effects. 
In the limited study, it is observed that the results of the time domain and frequency spectra 
displayed are different for selective and random sampling. It is further observed that the 
sampling is to be done carefully and only reproducible signals shall be recorded.  
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Figure 5. Frequency spectra; Selective sampling- NS direction 
 
                    
                (a) Line 5                                                                         (b) Line 20                                  
Figure 6. Frequency spectra; Random sampling- NS direction 
                                      
  
                                     (a) Line 5                                                   (b) Line 20                     
Figure7. B-scan images; Selective sampling-NS direction 
                                                
 
                            (a) Line 5                                                (b) Line 20                       
Figure 8. B-scan images; Random sampling-NS direction 
                                     
                                     
                            (a) Line 5                                                      (b) Line 20           
Figure 9. B-scan images; Selective sampling-EW direction   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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                                    (a) Line 5                                                       (b) Line 20           
Figure 10. B-scan images; Random sampling-EW direction 
4 Conclusions 
Attempts have been made on the reliability of impact-echo technique on the thickness 
measurement and also on the sampling. For the thickness measurement, it is observed that 
there is an apparent increase in thickness at the edges of the specimen that may be due to the 
sidewall reflections affecting the received signal. Based on the observation, it can be said that 
for a reliable estimation of thickness, scanning points selected should be away from the edges. 
Geometrical effects seem to play an important role in the interpretation of results and further 
study is required. Also, it is to be noted that single point measurements are not reliable and 
are sensitive compared to scanning measurements. In the laboratory specimen, Impact echo 
test was able to detect the presence of simulated void (Fig. 3). However, the limit for the 
smallest discontinuity / void which can be detected needs to be studied further.  The B-scan 
and C-scan image resolution can be improved by automating the measurement or by reducing 
the spacing between scanned lines. It is recommended to carryout a coarse scanning with a 
larger grid spacing and then refining the grid spacing depending on the resolution or 
importance of the required scan area. It is observed that no immediate change in signal is 
detected in the B-scan images when thickness step changes. But at some distance away from 
the thickness step, the signal is detected this may be due to scattering of signal. An attempt 
also has been made on the reliability of the IE with reference to sampling of data collection. 
In the limited study, it is observed that the results of the frequency spectra displayed are 
different for selective and random sampling. It is further observed that the sampling is to be 
done carefully and only reproducible signals may be recorded. 
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